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Abstract
Background: There is a vast amount of information published regarding the impact of 2009 pandemic Influenza A
(pH1N1) virus infection. However, a comparison of risk factors and outcome during the 2010-2011 post-pandemic
period has not been described.
Methods: A prospective, observational, multi-center study was carried out to evaluate the clinical characteristics
and demographics of patients with positive RT-PCR for H1N1 admitted to 148 Spanish intensive care units (ICUs).
Data were obtained from the 2009 pandemic and compared to the 2010-2011 post-pandemic period.
Results: Nine hundred and ninety-seven patients with confirmed An/H1N1 infection were included. Six hundred
and forty-eight patients affected by 2009 (pH1N1) virus infection and 349 patients affected by the post-pandemic
Influenza (H1N1)v infection period were analyzed. Patients during the post-pandemic period were older, had more
chronic comorbid conditions and presented with higher severity scores (Acute Physiology And Chronic Health
Evaluation II (APACHE II) and Sequential Organ Failure Assessment (SOFA)) on ICU admission. Patients from the
post-pandemic Influenza (H1N1)v infection period received empiric antiviral treatment less frequently and with
delayed administration. Mortality was significantly higher in the post-pandemic period. Multivariate analysis
confirmed that haematological disease, invasive mechanical ventilation and continuous renal replacement therapy
were factors independently associated with worse outcome in the two periods. HIV was the only new variable
independently associated with higher ICU mortality during the post-pandemic Influenza (H1N1)v infection period.
Conclusion: Patients from the post-pandemic Influenza (H1N1)v infection period had an unexpectedly higher
mortality rate and showed a trend towards affecting a more vulnerable population, in keeping with more typical
seasonal viral infection.
Introduction
There is a vast amount of information published regard-
ing the impact of the 2009 pandemic Influenza A
(H1N1)v infection [1,2]. The pandemic represented a
challenge for physicians worldwide, manifesting with the
acute onset of respiratory failure in a patient population
often young, with few comorbid conditions. Several
recommendations have been considered, taking into
account the literature published during this time. The
early use of oseltamivir showed a survival benefit [3,4],
while the use of systemic corticosteroids did not [5,6].
Identification of risk factors, such as the presence of
community acquired respiratory co-infection (CARC)
[7], obesity [8] and the development of acute kidney
injury, have helped physicians gain a better understand-
ing of the illness [9].
Health authorities warned that clinical suspicion
should be maintained following the initial pandemic,
with a post-pandemic period predicted for the 2010-
2011 winter as a result of the former A/H1N1 2009
pandemic virus, currently called “new A/H1N1 virus”
(An/H1N1) [10].
The aim of the present study was to compare risk fac-
tors, clinical features and outcomes in pandemic
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influenza An/H1N1 patients with those observed in the
immediate post-pandemic influenza period.
Material and methods
This prospective, observational cohort study of intensive
care unit (ICU) patients was conducted across 148 ICUs
in Spain. Data were obtained from a voluntary registry
created by the Spanish Society of Intensive Care Medi-
cine (SEMICYUC), the Spanish Network for Research
on Infectious Disease (REIPI) and the Spanish Biomedi-
cal Research Center Network on Respiratory Diseases
(CIBERES). The study was approved by the Joan XXIII
University Hospital Ethics Committee (IRB NEUMA-
GRIP/11809). Patient identification remained anon-
ymous. The requirement for informed consent was
waived due to the observational nature of the study and
the fact that this activity is an emergency public health
response as reported elsewhere [11].
Data were reported by the attending physician after
reviewing medical charts and radiological and laboratory
records. Two periods were analyzed based on data on
all patients within the cohort consecutively diagnosed
with An/H1N1 influenza: the 2009 pandemic (H1N1)v
infection period between epidemiological weeks 23 and
52 of 2009, and the post-pandemic Influenza (H1N1)v
infection period between epidemiological weeks 50 and
52 of 2010 and weeks 1 to 9 of 2011. Children under 15
years old were not enrolled in the registry. The An/
H1N1 infection was confirmed by means of real-time
reverse-transcription-polymerase chain reaction (RT-
PCR) on either nasopharyngeal swab samples or tracheal
secretions ordered by the attending physicians at inten-
sive care unit (ICU) admission. An/H1N1 testing was
performed in each institution or centralized in a refer-
ence laboratory when local resources were not available.
RT-PCR methods and further details are described else-
where [11]. A confirmed case was defined as an acute
respiratory illness with laboratory-confirmed An/H1N1.
Only confirmed cases were included in the current
report.
The ICU admission criteria and treatment decisions
for all patients, including determination of the need for
intubation and type of antibiotic or antiviral therapy
administered, were made at the discretion of the attend-
ing physician and not standardized. Septic shock and
Multiple Organ Dysfunction Score (MODS) were
defined following the criteria of the American College of
Chest Physicians and the Society of Critical Care Medi-
cine [12].
Systemic corticosteroid use was implemented when
patients developed shock (hydrocortisone), or coadju-
vant treatment was used for pneumonia (methylpredni-
solone). Orally administered oseltamivir (150 mg/24 h
or 300 mg/24 h) or intravenous zanamivir (600 mg/12
h) was chosen by the attending physician.
Primary viral pneumonia was defined where patients
presented with acute respiratory distress, unequivocal
alveolar opacities involving two or more lobes, and
negative respiratory and blood bacterial cultures during
the acute phase of influenza virus infection. Commu-
nity-Acquired Respiratory Co-infection (CARC) was
defined as any infection diagnosed within the first two
days of hospitalization [7]. Infections occurring later
were considered nosocomial. hospital-acquired pneumo-
nia (HAP) was defined based on current American
Thoracic Society and Infectious Disease Society of
America guidelines [13]. Patients who presented with
healthcare-associated pneumonia (HCAP) were excluded
from the present study [13]. Hematological disease was
defined in those patients who presented with acute lym-
phoblastic leukemia, acute myeloblastic leukemia,
chronic lymphocytic leukemia, chronic myelogenous
leukemia, Hodgkin’s lymphoma, non-Hodgkin’s lym-
phoma, myeloma, graft versus host disease or post-bone
marrow transplantation. Obese patients were defined as
those with a body mass index (BMI) greater than 30 kg/
m2 [8]. Features such as smoking history and immuno-
suppressive factors were not recorded. Patients who had
previously received Influenza A (H1N1) 2009 monova-
lent or seasonal influenza 2010-2011 vaccination were
considered to be “vaccinated”. Acute kidney injury (AKI)
and its stages were diagnosed according to the glomeru-
lar filtration rate (GFR) criteria of the current Acute
Kidney Injury Network definitions [14]. Diagnostic cri-
teria for acute kidney injury (AKI): An abrupt (within 48
hours) reduction in kidney function currently defined as
an absolute increase in serum creatinine of more than
or equal to 0.3 mg/dl, a percentage increase in serum
creatinine of more than or equal to 50% (1.5-fold from
baseline), or a reduction in urine output (documented
oliguria of less than 0.5 ml/kg per hour for more than
six hours) [14]. Continuous Renal Replacement Therapy
(CRRT) in the course of AKI was initiated when indi-
cated for pulmonary edema, oliguria (defined as urine
output <0.5 mL/kg body weight per hour for >6 h),
metabolic acidosis or hyperkalaemia not responding to
conventional treatment, or uraemia (defined as urea
nitrogen of >100 mg/dL). CRRT was available 24 hours
a day, and no patient requiring CRRT was denied treat-
ment due to likely futility.
Statistical analysis
Discrete variables are expressed as counts (percentage)
and continuous variables as means ± standard deviation
(SD) or medians with the 25th to 75th interquartile
range (IQR). For the demographic and clinical
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characteristics of the patients, differences between
groups were assessed using the chi-squared test or Fish-
er’s exact test for categorical variables and the Student’s
t-test or Mann-Whitney U test for continuous variables
when appropriate. Multivariable stepwise logistic regres-
sion analysis was used to assess the impact of explana-
tory variables in outcome (ICU mortality) for both the
pandemic and post-pandemic periods. In order to avoid
spurious associations, variables entered in the logistic
regression models were those with a relationship in uni-
variate analysis (P ≤0.1) or a potential plausible relation-
ship with the outcome. To assess the possibility of a
different impact of the explanatory variables in outcome
for each period, interactions between explanatory vari-
ables and periods were used in the models. Results are
presented as odds ratio (OR), 95% confidence intervals
(CI) and P-values. Data analyses were performed using
SPSS 16.0 for Windows (SPSS, Chicago, IL, USA).
Results
Nine hundred and ninety-seven patients with completed
outcomes admitted to ICU with confirmed Influenza
(H1N1)v infection were analyzed in this study. Of these,
648 patients were affected during the 2009 pandemic
Influenza (H1N1)v infection period and 349 patients dur-
ing the post-pandemic Influenza (H1N1)v infection period.
Patients from the post-pandemic Influenza (H1N1)v
infection period were older, more frequently male and
presented with more comorbidities than those affected
by the 2009 pandemic Influenza (H1N1)v infection.
Comorbidities included chronic obstructive pulmonary
disease (COPD), chronic renal disease and hematological
disease. Pandemic and post-pandemic age-specific influ-
enza ICU admission baseline characteristics are dis-
played in Figure 1. Vaccination was only available in
Spain during the post-pandemic period. A total of 19
(5.4%) received vaccination. Vaccination was more fre-
quent in patients who presented with comorbidities
than those who did not (18 (7.0%) vs. 1 (1.1%), P =
0.02). There was no difference in time to diagnosis
between vaccinated and non-vaccinated patient groups
(6 IQR (4 to 8) vs. 8 IQR (5 to 11), P = 0.1. No particu-
lar comorbid condition was predominant in those vacci-
nated. Additional demographic data and clinical
characteristics regarding delay in diagnosis and vaccina-
tion status are displayed in Table 1.
Acute Physiology And Chronic Health Evaluation
(APACHE II) and Sequential Organ Failure Assessment
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Figure 1 Pandemic and post-pandemic age-specific influenza ICU admission.
Martin-Loeches et al. Critical Care 2011, 15:R286
http://ccforum.com/content/15/6/R286
Page 3 of 11
(SOFA) scores were higher in post-pandemic Influenza
(H1N1)v infection patients. In addition, this cohort of
patients was admitted later to the hospital from time of
symptom onset (4.2 +/- 2.6 vs. 4.8 +/- 3.4, P = 0.004)
and had a longer delay from time of hospitalization to
diagnosis (2.3 +/- 2.1 vs.6.5 +/- 3.8, P <0.001). Primary
viral pneumonia was documented in 688 (69.0%)
patients with no significant difference between the two
periods. In 176 (17.7%) cases another pathogen was iso-
lated at ICU admission and these patients were consid-
ered to have CARC.
Empiric antibiotic therapy was administered in all
patients in accordance with local protocols. Post-pan-
demic Influenza (H1N1)v infection patients received
empiric antiviral treatment less frequently (99.1% vs.
97.4%, P = 0.04), lower doses of oseltamivir (150 mg/
day) (73.5% vs. 51.5%, P <0.001), delayed antiviral
administration (5.6 +/- 3.5 vs. 4.7 +/- 2.9 days, P
<0.001), and had higher use of zanamivir (7.2% vs. 0.6%,
P <0.001) than those from the 2009 pandemic Influenza
(H1N1)v infection period.
Comparison of complications during ICU stay was dif-
ferent between the two periods. Septic shock was pre-
sent more frequently in the post-pandemic Influenza
(H1N1)v infection period (54.4% vs. 45.4%, P = 0.007).
Patients affected during the post-pandemic Influenza
(H1N1)v infection period received mechanical ventila-
tion (invasive or non-invasive) more frequently (80.8%
vs. 71.8%, P = 0.002); however, there was no significant
difference in implementation of invasive mechanical
ventilation. Extracorporeal membrane oxygenation
(ECMO) (n = 9) was more frequently implemented
during the post-pandemic Influenza (H1N1)v infection
period (1.7% vs. 0.5%, P = 0.07). AKI was more fre-
quently identified during the post-pandemic Influenza
(H1N1)v infection period (27.2% vs. 20.1%, P = 0.01)
with the use of CRRT significantly different between the
two periods. Further details are displayed in Table 2.
In total, 246 (24.7%) patients died. No statistical differ-
ence in survival was observed between patient groups
with respect to vaccination status (6 (5.7%) vs. 13
(5.3%), P = 0.8). The median age for non-survivors was
significantly higher in the post-pandemic period (42
years (54 to 61.5) vs. 36 years (IQR 47 to 61), P
<0.001)). Mortality was significantly higher in the post-
pandemic Influenza (H1N1)v infection period compared
to the 2009 pandemic (H1N1)v infection period (105
(30.1%) vs. 141(21.8%) OR 1.5 (95% CI 1.1 to 2.1)). The
baseline characteristics of patients in both groups who
did not survive are compared in Table 3. Briefly, during
the 2009 pandemic (H1N1)v infection period, APACHE
II score, SOFA score, age, congestive heart failure,
chronic renal disease, hematological disease, CARC, sep-
tic shock, MODS, invasive mechanical ventilation (MV)
and CRRT were variables associated with ICU mortality
(univariate analysis). APACHE II score, SOFA score,
hematological disease, HIV, CARC, septic shock,
MODS, invasive MV and CRRT were associated vari-
ables during the post-pandemic Influenza (H1N1)v
infection period. Multivariate analysis (Table 4) con-
firmed that among patients in both groups the presence
of hematological disease, the use of invasive MV, and
CRRT were factors independently associated with a
worse outcome. HIV was the only new variable
Table 1 Comparison of baseline characteristics between 2009 pandemic and post-pandemic Influenza (H1N1)v
infection period
Variables Pandemic period
N = 648
Post-pandemic period
N = 349
P-value
Age. years
Mean (SD) 44.7 +/- 14.6 49.9 +/- 14.2 <0.001
Median (IQR) 34 (44 to 54) 40 (51 to 59) <0.001
Male (sex) n (%) 374 (57.7) 237 (67.9) 0.01
COPD n (%) 108 (16.7) 78 (22.3) 0.02
Asthma n (%) 81 (12.5) 28 (8.0) 0.03
Chronic heart failure n (%) 47 (7.3) 36 (10.3) 0.09
Chronic renal disease n (%) 33 (5.1) 30 (8.6) 0.03
Diabetes mellitus n (%) 82 (12.7) 55 (15.8) 0.1
Pregnancy n (%) 31 (4.8) 13 (3.7) 0.4
Obesity n (%) 138 (21.3) 64 (18.3) 0.2
Autoimmune disorders n (%) 18 (3.4) 2(1.8) 0.5
Hematological disease n (%) 40(6.2) 37 (10.6) 0.01
Neuromuscular disease n (%) 24 (3.7) 4 (1.1) 0.02
HIV infection n (%) 13 (2.0) 13 (3.7) 0.1
Abbreviations: CHF, chronic heart failure; COPD, chronic obstructive pulmonary disease; CRF, chronic renal failure; DM, diabetes mellitus; HIV, human
immunodeficiency virus; NM, neuromuscular
Martin-Loeches et al. Critical Care 2011, 15:R286
http://ccforum.com/content/15/6/R286
Page 4 of 11
independently associated with higher ICU mortality dur-
ing the post-pandemic influenza (H1N1)v infection per-
iod. In addition, the only interaction statistically
significant was between the presence of HIV and the
post-pandemic Influenza (H1N1)v infection period.
Discussion
Data from this study evidenced that the post-pandemic
Influenza (H1N1)v infection period targeted patients
with a worse basal condition than those of the 2009
pandemic (H1N1)v infection period. Patients from the
post-pandemic period were older, had more comorbid-
ities, a more advanced clinical presentation on admis-
sion, higher severity scores, increased incidence of
CARC and septic shock, and an increased requirement
for mechanical ventilation than those from the pan-
demic period. In addition, patients from the post-pan-
demic period had a higher mortality rate.
Experiences during the post-pandemic Influenza
(H1N1)v infection period have demonstrated that the
2009 pandemic (H1N1) virus is still circulating and,
importantly, still causing severe disease in younger
people [10,15-17]. During the immediate post-pandemic
period multiple subtypes of influenza virus were ana-
lyzed in order to evaluate the isolation of other types of
influenza viruses. The Ministry of Health reported that
98% of isolates were Influenza A (0.02% AH1; 0.08%
AH1N1; 0.09 AH3; 0.33% AH3N2 and 99.5%
2009AH1N1), 1.4% Influenza B and 0.1% Influenza C
[16].
Current World Health Organization (WHO) guidance
strongly recommends the use of oseltamivir for severe
or progressive infection with 2009 pandemic (H1N1)v
infection, with zanamivir as an alternative if the infect-
ing virus is oseltamivir-resistant [17]. Although the
majority of 2009 pandemic (H1N1) viruses are suscepti-
ble to oseltamivir and very little resistance to oseltamivir
has been found to date [18], the use of zanamivir has
been 12 times more frequent during the post-pandemic
Influenza (H1N1)v infection period. Previous studies
[3,4] have shown that early oseltamivir administration
resulted in increased survival among critically ill, venti-
lated patients and reduced complications in patients
hospitalized during the 2009 pandemic (H1N1)v
Table 2 Comparison of clinical presentation and therapy provided between 2009 pandemic and post-pandemic
Influenza (H1N1)v infection period.
Variables Pandemic period
N = 648
Post-pandemic period
N = 349
P-value
APACHE II score.
Mean (SD)
13.9 +/- 7.2 16.3 +/- 7.7 <0.001
SOFA score.
Mean (SD)
5.6 +/- 3.6 6.2 +/- 4.1 0.04
Clinical presentation
Primary viral pneumonia 451 (69.6) 237 (67.9) 0.5
COPD exacerbation 36 (5.6) 24 (6.9) 0.4
Community acquired respiratory co-infection 107 (16.5) 69 (19.8) 0.2
Secondary respiratory infections 57 (9.3) 16 (4.7) 0.006
Days from symptoms onset to hospital admission, Mean (SD) 4.2 +/- 2.6 4.8 +/- 3.4 0.004
Days from hospitalization to diagnosis, Mean (SD) 2.3 +/- 2.1 6.5 +/- 3.8 <0.001
Clinical failure
Septic shock 294 (45.4) 190 (54.4) 0.006
MODS 405 (62.5) 199 (57) 0.09
Mechanical ventilation 465 (71.8) 282 (80.8) <0.001
Invasive mechanical ventilation 398 (61.4) 233 (66.8) 0.09
Non-invasive mechanical ventilation 163 (25.2) 115 (33) <0.001
Prone positioning 95 (14.7) 67 (19.2) 0.06
Septic shock 294 (45.4) 190 (54.4) 0.007
Acute kidney Injury 130 (20.1) 95 (27.2) <0.001
Continuous renal replacement therapy 53 (8.2) 45 (12.9) <0.001
Therapy administered
Empirical oseltamivir 631 (99.1) 339 (97.4) 0.04
Days from symptoms onset to oseltamivir administration 4.7 (2.9) 5.6 (3.5) <0.001
Zanamivir 4 (0.6) 25 (7.2) <0.001
ICU mortality 141 (21.8) 105 (30.1) 0.004
Abbreviations: ICU, intensive care unit; MODS, multiple organ dysfunction syndrome
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Table 3 Risk factors for ICU mortality for 2009 pandemic and post-pandemic Influenza (H1N1)v infection patients.
Variable Pandemic period
N = 648
Post-pandemic period
N = 349
Risk factor Alive
(n = 507)
Death
(n = 141)
P-value Alive
(n = 244)
Death
(n = 105)
P-value
SOFA 4.9 (3.0) 8.4 (4.3) <0.001 5.1 (3.5) 8.6 (4.1) <0.001
APACHE 12.53 (6.1) 19.69 (8.3) <0.001 14.11 (6.1) 21.2 (8.5) <0.001
Demographics
Age. Mean (SD) 43.72 (14.0) 48.4 (16.3) <0.001 49.0 (14.1) 52.0 (14.3) 0.07
Male sex 285 (56.2) 89 (63.1) 0.14 162 (66.4) 75 (71.4) 0.35
Comorbidities
≥1 underlying medical conditions 353 (69.6) 112 (79.4) 0.02 177 (72.5) 81 (77.1) 0.3
COPD 87 (17.2) 21(14.9) 0.52 52 (21.3) 26 (24.8) 0.47
Asthma 69 (13.6) 12 (8.5) 0.105 23 (9.4) 5 (4.8) 0.14
Chronic heart failure 31(6.1) 16(11.3) 0.03 23(9.4) 13(12.4) 0.41
Chronic renal disease 19 (3.7) 14 (9.9) 0.003 18 (7.4) 12 (11.4) 0.21
Diabetes mellitus 62 (12.2) 20 (14.2) 0.53 41(16.8) 14 (13.3) 0.41
Obesity 104 (20.5) 34 (24.1) 0.35 50 (20.5) 14 (13.3) 0.11
Autoimmune disease 13 (2.6) 8 (5.7) 0.06 7 (2.9) 7 (6.7) 0.09
Hematologic disease 19 (3.7) 21 (14.9) <0.001 14 (5.7) 23 (21.9) <0.001
Neuromuscular disease 18 (3.6) 6 (4.3) 0.69 2 (0.8) 2 (1.9) 0.38
HIV infection 9 (1.8) 4 (2.8) 0.42 2 (0.8) 11 (10.5) <0.001
Pregnancy 24 (4.7) 7 (5) 0.9 11 (4.5) 2 (1.9) 0.2
Vaccination 13 (5.3) 6 (5.7) 0.8
Clinical presentation
Viral pneumonia 355 (70) 96 (68.1) 0.6 164 (67.2) 73 (69.5) 0.6
COPD exacerbation 31 (6.1) 5 (3.5) 0.2 21 (8.6) 3 (2.9) 0.05
Community acquired respiratory
co-infection
74 (14.6) 33 (23.4) 0.01 38 (15.6) 31 (29.5) 0.003
Complications
Septic shock 190 (37.5) 104 (73.8) <0.001 106 (43.4) 84 (80) <0.001
MODS 282 (55.6) 123 (87.2) <0.001 111 (45.5) 88 (83.8) <0.001
Acute kidney injury 69 13.6) 61 (43.3) <0.001 43 (17.6) 52 (49.5) <0.001
Therapy administered
Empirical oseltamivir 497(99.6) 134 (97.1) 0.002 238 (97.9) 101 (96.2) 0.1
Continuous renal replacement therapy 15 (3.0) 38 (27.0) <0.001 12 (4.9) 33 (31.4) <0.001
Mechanical ventilation 327 (64.5) 138 (97.9) <0.001 181 (74.2) 101 (96.2) <0.001
Invasive mechanical ventilation 263(51.9) 135(95.7) <0.001 135(55.3) 98(93.3) <0.001
Non-invasive mechanical ventilation 125(24.7) 38(27.3) 0.5 86(35.7) 29(27.6) 0.1
Abbreviations: CARC, community acquired respiratory co-infection; COPD, chronic obstructive pulmonary disease; HIV, human immunodeficiency virus; ICU,
intensive care unit; MODS, multiple organ dysfunction syndrome
Table 4 Multivariate analysis for risk factors associated with ICU mortality during the 2009 pandemic and post-
pandemic Influenza (H1N1)v infection period.
Variable OR 95% CI P-value
APACHE II score 1.076 1.040 to 1.114 <0.001
Hematologic disease 3.506 1.747 to 7.038 <0.001
Continuous renal replacement therapy 5.812 3.101 to 10.893 <0.001
Invasive mechanical ventilation 6.890 3.538 to 13.418 <0.001
HIV infection in pandemic Influenza (H1N1)v infection period * 1.362 0.279 to 6.648 0.702
HIV infection in post-pandemic Influenza (H1N1)v infection period * 19.835 2.236 to 175.954 0.007
The interaction HIV infection with period was statistically significant (P-value = 0.05).
Abbreviations: HIV, human immunodeficiency virus; ICU, intensive care unit
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infection period. In addition, oseltamivir suppresses viral
load more effectively when given early [19,20]. It is
important to recognize that the early control of viral
load in patients may be explained by the actions of
innate immunity followed by early anamnestic adaptive
immune response [21]. The lack of an appropriate and
early immune response because of innate humoral or
cellular immunodeficiencies, concomitant use of immu-
nosuppressors, or transient immunoparesis due to
severe concomitant co-infection may predispose some
patients to develop severe clinical progression [22]. The
incidence of HIV was 2% and 3.7% during the 2009 pan-
demic (H1N1)v infection period and post-pandemic
Influenza (H1N1)v infection period respectively, but,
interestingly, HIV was the only independent additional
factor associated with higher ICU mortality in the post
pandemic period. As previously reported, HIV patients,
well controlled on Highly Active Antiretroviral Therapy
(HAART), had a similar clinical outcome and prognosis
to that of non-HIV patients during the pandemic period
[23]]. However, in our study, HIV appeared to be a new
independent risk factor for worse outcome. The
immune response associated with severe viral infections
remains unclear in HIV patients and needs to be further
investigated, as the virus was no longer acting in a naive
host.
While in 2009 the new virus found large numbers of
people with no previous immunity against it, in 2010-
2011 the situation dramatically changed. Large numbers
of people had already received the vaccine, or alterna-
tively had acquired natural immunity following infection
by the time that the 2010-2011 season started. This cre-
ated a more difficult environment for the virus to thrive,
with a decreased percentage of susceptible individuals. It
is plausible that with these changes in the population
the virus would preferentially target hosts with chronic
comorbidities, such as COPD, diabetes or HIV patients
with altered cellular immunity. These conditions could
potentially impair the efficiency of the immune response
in clearing the infection. Proportional changes of the
susceptible population could explain the observed differ-
ences in the profile of critically ill patients infected and
the increased severity at admission to ICU. This trend is
closer to the “normal” behaviour of seasonal influenza.
One important feature in both phases was the pre-
sence of acute respiratory failure as reflected by the
need for invasive mechanical ventilation as an indepen-
dent predictor of death. This finding is compatible with
viral pneumonia being the principal cause of death in
these patients and reinforces the role of the virus in
causing critical illness. Despite the fact that non-invasive
mechanical ventilation was not recommended for the
management of patients affected by H1N1, its use was
observed in 33% of cases in the post-pandemic Influenza
(H1N1)v infection period. This finding may explain the
delay in onset of invasive mechanical ventilation and a
subsequently worse outcome during this period. It is
important to recognise that the presence of neither
CARC nor septic shock were independently associated
with ICU mortality.
The presence of CARC has been a topic commonly
discussed during previous pandemics [7]. A substantial
base of laboratory evidence for synergism between Influ-
enza A and bacterial microorganisms has been sug-
gested [24]. During the 1918-1919 Influenza A
pandemic, most deaths were attributed to concurrent
bacterial infection [25]. Histopathological samples of
lung tissue sections from fatal 1918 influenza case mate-
rials frequently revealed histopathologic findings consis-
tent with acute bacterial pneumonia [26]. Nevertheless,
this data result is surprising since CARC did not repre-
sent an independent risk factor for ICU mortality during
either the 2009 pandemic (H1N1)v infection period or
during the post-pandemic Influenza (H1N1)v infection
period. While many studies [27] have demonstrated
temporal relationships between influenza activity and
CARC, and also an increasing number of patients
affected by CARC during the post-pandemic period, the
present study did not show significant differences
between the two periods.
During the first case reports of the 2009 pandemic
(H1N1)v infection period, impairment of renal function
was commonly observed and patients who died had
documented multiple organ failure with significantly
higher rates of renal failure [28]. AKI is a complex dis-
order that has been observed to occur in ICU patients
with severe presentation of illness during the 2009 pan-
demic (H1N1)v infection period [29], and it has been
associated with increased mortality rates. Interestingly,
the rate of AKI was significantly higher during the post-
pandemic Influenza (H1N1)v infection period (27.2% vs.
20.1%, P <0.001) and, as has been reported previously
[9], is associated with an increase in ICU mortality dur-
ing the post-pandemic period. The cause-and-effect rela-
tionship between viral infection and kidney injury is not
clear, nor is the reason for an increased incidence in the
post-pandemic period. Glomerular deposition of viral
antigen, cytokine dysregulation associated with severe
viral infection, and virus-related rhabdomyolysis might
partially explain the pathophysiology of AKI. However,
there are several factors that might contribute to an
increased incidence during the post-pandemic period.
First, patients admitted in the post-pandemic period
were older and presented with a higher severity of ill-
ness. Second, patients admitted in the post-pandemic
period had a longer delay between diagnosis and onset
for antiviral therapy. Finally, a higher incidence of septic
shock might contribute to an increase in AKI. The
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reasons for and implications of AKI development in
patients with H1N1 have not been clearly elucidated,
and further research is needed in order to allow early
identification of the subject at risk and provide targeted
medical care.
The present study has some limitations that should be
addressed. First, only adults admitted to Spanish ICUs
were included and, therefore, our results might not be
generalized to other countries or children. However, our
study included more than 70% of all patients admitted
to the ICU during the pandemic and post-pandemic
Influenza (H1N1)v infection periods. Management of
patients was not standardized and management prac-
tices were chosen in accordance with local protocols.
Nevertheless, it has the strength of a prospective, multi-
center design with a large number of patients. ECMO
was rarely implemented in Spain (n = 9, 0.9%) and,
therefore, no conclusions can be reached. Second,
patients presenting in the post-pandemic Influenza
(H1N1)v infection period had a delay in diagnosis, but
time to diagnosis might be a non-objective parameter
that depends on patient experience, the grade of physi-
cian and index of suspicion. Moreover, the unavailability
of daily RT-PCR in some institutions during the post-
pandemic period could prolong the time to diagnosis.
Finally, the CD4 count was not recorded in HIV
patients. Based on the epidemiological nature of the
study only patients diagnosed with HIV were included
in the group. It is important to note that some patients
develop a low CD4 count when critically ill [30]. In
addition, low CD4 cell counts, time since HIV diagnosis,
HAART treatment or AIDS stage of disease; conversely,
have not been identified as risk factors for ICU mortality
in the post-HAART era [31]. Therefore, CD4 count in
HIV patients should be further investigated. Finally, the
marked change in time to diagnosis also suggests that
there was laxity in testing during the present study.
Cases may have been missed in the post-pandemic per-
iod with selection bias contributing to observed
differences.
Conclusions
In summary, pandemics, like the viruses that cause
them, are unpredictable. So was the immediate post-
pandemic Influenza (H1N1)v infection period. The main
findings were that the mortality rate and severity scores
were higher in the post-pandemic period. A lower clini-
cal awareness and a more vulnerable population may
explain the worse outcome in the post-pandemic period.
The development of protocols, educational programs
and prevention recommendations need to be implemen-
ted to avoid further diagnosis and treatment delays. As
was previously warned [10], physicians should maintain
a high level of clinical suspicion for future waves in
order to prevent the unexpected increase in mortality
observed in this study.
Key messages
• The mortality rate and severity scores were higher
in the post-pandemic Influenza (H1N1)v infection
period.
• During the post-pandemic Influenza (H1N1)v
infection period, patients were older, with more
comorbidities and with delayed hospital admission.
• A more vulnerable population was affected in the
post-pandemic Influenza (H1N1)v infection period.
• HIV was the only new variable independently asso-
ciated with higher ICU mortality during the post-
pandemic Influenza (H1N1)v infection period.
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